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tha.t low rates of ylvpbosatc. could reduce the yield of corn and.

that stand. height was one of t.he best parameters fdr estimatin
ii

I- II I _t p
accu.mts1atiori could be used to q.uantdj glyphosate-eel.ated

iniury and potentiaiiy predict yield loss.
Shtkunae accumulation ha1 been used to asscsl the

ci

(Steinrucken and Amrhein 1980), re .ultiny in. the accurnu-

larion of shiki.mate, the dephosphorylated substrate of the

-
-

C 0, d i

measurtlsO sniktmate levels in punt tlssue are relar veT simple

ft romartie and Poige 2000; hingh and Shaner I 9987

Oh ikimate accumulation after glyph.osa.te treatment has been
used to determine vlierher susceptible crops have been

I w 0 It I let rs 1 201)0 He

2005; Plineftrnic 200575hikimate accumulation in rLa

((.)ryza sathia L) appears to be a better predictor of yield

Ii I ‘i
‘ marth d Ic 0 in (dcc t

mal. 2000).
The use of a shikirnate assay to determine the extent and

location of herbicide injury would provide a producer with

proof that the crop was injured by glyphosate and an

opportunity to seek out the guilty party whose herbicide

drifted onto the grower s property Deutmining tfle hubicide

that drifted onto the crop is the first step before seeking out

the guilty applicator. Second, the status of the crop rrlust be

determined. A producer needs to know how much act cage was

affected and to what extent. ith this information, thc

producer could make an informed crop management and

mitiganon deetsion.
The object we of this research was to use a spectrophoto

metric--based leaf disc assay to (1) measu.re sbikimatc

accumulation in sunflower, wheat, a.nd proso millet after

gh obu mhcmon 21 d uc wuit te o el p osata

cause .siersific.stst shikimare scc.um elation in these crone and

(3 determine hew long alSer treamneent shiki.mare levels

remai.n elevated..

Materials and Methods

Greenhouse and field experiments were conducted at the
, s_s.. C

Ci.. ), durine the surnnser and fall of 201)5. both
were repeaid arid. a.ii specrrophotcirnetric data wine ge.neratecl

in Pt. Collins, CO.
Plant Matetiai

3; eeds of sun.fiower Triumph 765(7. wheat TraP--Tire.

N2 5550, and proso millet ‘Sunup’ were planted in pots

I
in F

I Hell I (.1

get ne a id 0 en innex to plaut ne pot TO p are

in a inC hC g oft em t I ( ro 1 803 to 30 0

rio! ..e i I- Ii I It i r Ii Ii iI

solution beginning I wk after emergence - (Hoagland and

Atrsun I intL. (.>lvpliosata st-a> sited with a trac-sismaeer at
Sib eft 21t sHe it ft me i lob I hi
three crops- in rh.e four-- to six-leaf stage fiat both the first
and second expemirners ms Sutfacrant2 was added to all

u_-I -5 I Ii

diane, were excised from the youngest two leaves of proso
millet and. wheat arid the younyest three leaves of sunflower,

r r I ft ii r s” ‘di I

i ft I ii t 5 1I I I

a glass .scinrillation vial. C)ne milliliter cf 0 25 N I id w-a.-s
piperted into each vial, and. then the viai.s were placed its

5: i jisd p Ii 7 -. I 1fl I ii ic 0
I .ji (

0.03 and (304 g across species and samples. Proso millet
and wheat sample weights were typically- tie.ar the bottorr i of
rhi.s mane, s-vhereas sunfloweri with thicker lea’:, was clot-er
to the top. The plants reccivircg to: 540 and uSO gacha - -

ratee began to exhibit necrosis b 7 to I 4 0 after application
(DAT), so these samples were often slightly lighter (0. 02_-

Q ft F iu impt mOe h a it vs

.ynifimou-is

a-aria-- (dee t.mo-i [Pacts -

The same varieties of crops that were used in the
greenhouse study were also plantddl in the field stud,
Sunflower was 55 cm tall In the 10- to 1-5-leaf stage at the
time of application for the tir,st csperiment and 00 en- tall and
in thr ‘15 to 18-leaf stage at the time of application for the
second experiment. Pmoso miller was 30 cm tall in the four- to
six--leaf stage at the time of application fiat the first experiment
and 35 cm mall in the five- to seven—leaf stage at the dine of
application for the second experiment. Wheat was grown at
two field locations: one receiving an initial irrigation event
and the other grown without supplemental irrigation.
Sufficient fall rainfall provided enough soil moist nrc (or
wheat at the second site to be actively growing at the rinse of
elyphosate application. Wheat was 10 to 15 cm tall and at the
thee-c- to four-leaf stage at the- rInse or (;cphosatc applcatio n.

ph Ste cpu dl I 4 — ‘1 up t o ‘- ‘in

-same rates and volun-tes as the greenhouse experiment. TI-se
same number of leaf discs were - collected 1dm assaying
shtktmare as :n the greurihsuse ext erttnend,
Shikimate ssav -

S ia sscne ola..ed a —0 reese Snot he 325 (3 Hift
.toiuth.sn ftoze and - then - were. later - thawed at room.

morn rOe srd ol 2OuO) wo a cc> ts ot 25 ft a me
transfhrred fftm each, vial to a mictotirem piat.e to which.

too m terr1p-c-’mature (25 C) .fom 90 mirs. then 100 hI of 0.T 1.1
sodium hydroxide!022 M sodium sulfite was ad’d.ed to eac-l.s

(mound or.eical densi.ry st—as determined horn the wells
containing the extract from discs o-f unrrcn-.ted plants and
aus s.ti.htac:cd (moist each 0f :hc- elvphosamc trc,lttIs: t

>hii-:tn>ate s:.tndstd cOre-cOat deceitned be adO ni
iiusouuts 0 shiku Sat tO tls outs s is0 ..xtr i r rms C f

15in )t ct lOsin c gI ptsn te S isa exth us it: vs I dl

i i ii ,t I h I is i i o 0 ima

(toni (301 to I ry ml of FILl extraction solution,
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Wheat Field

Days after application

Nlpure 1, Sisiidmare accumulation in sunflower, prose, miller and wheat wir.ls respect to greeo.houae or field, grown plants, days after application, and eis’rrucsate rat.e,

Statistical Analyses

anti sstsepuomtayo St taeslps, ceo’. 5 tfl a linear rraiaesi matte]. with

rtrrtcrsreca trsta sttrrcrr. napes risers t and tersi it stints slit ii

c a) it)t

\ilXFi ) was total Dt assess ft ecricen taf dave ftr applIcation.
app1 tattasti rrt,tc snoops. and all posshle sntcraer otis.

Results and Discussion

.Shihimate aceumu.lateei s.n leaf nastte in all three SPec tsa

after glyphosare tre.atme.nt. .Sienihcanr shikimare accumtrla.

‘oat ‘ I t’

p 1’
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Shilcinrate In te leaf f1550P teacliesi maximum levels nen.veers
‘i and ‘P FL-\A at she ae la ‘ aniralreanon ate rn all three

i —in r h h fl 4 In

sf{p ar er at )fto \ nuyh to stat sri I fit to ft
iiakrmare ic omit t i id wme si an ,t ss a)

svhere the plants. svete ]a,ttssvn a.nel itt svhar growth s r:socr tl:s •w
were sampled. The. seeesnd proso miller field rasped nsent was
conducted midwa though the prose mi let growing season.
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Although shikirnate izcumulanon as somewhat reduced in
proso millet in the second hld \p( ii fll( HI approximate1
25%) possibly because rhi. pl ants xx r ntcring then
reproductive phase, shikimate was still easily detectable above
background levels at the two highest glyphosate rates, and the
trend of not being able to detect the lower three rates as seen
in the greenhouse was also repeated in the field

Sunflower accumulated more shikirnate dia.n either proso
mil.iet or wheat. Although we attempted w C. antrol as many

variables as possible, such as growth stage, herbicide,
surfactant concentration, spray volume, svhiCh leaf a.rea of
tissue sampled, weight of tissue sampled, time of sampling,
an.d plant vigor, other fhctors need to he cons.idered before
conclud.ing that sunflower is mo.re sensitive to glyphosate than
these other species. One potential factor is the diffi rence in
leaf surfhce area among the three species A flower seedling
in the three- to fourheaf stage has considerable more leaf area
tO in sirr ii sri> aged preso ‘n ‘Bet or is tic , I hCtJUtC
a sun.flower plant would receive more plvphosaae ((ow a given
herhic.ide application than either of the other two species. A
possible solution would be to collect lea.f c.lisc.s Corn untreated.
pnts and submerge them in a giypbo.sate sohirirsrs so that all

are exposed to an e.qual concentration of herbicide p
unit (Shatter et a.l, 20(15). A drift e’’ be (hr
more similar to the experimental cous.iitions of this
cx. eriment as oppo.sed to a submersible leaf’ disc assay.

S’jif’]ow,r accumulated .shkimate more rapidly and at
lower eivt.hosate application rates than the ,,thcr ivi, species

I re e l’wp P i it .i at r I
11 1 1 l. I p ii (1 Ii! 1 1 ii

I) i it bit i m, r i Owl t q mm i it, r

prow millet and whear, respertiveis Table . Shilsimi IC nis

detected at the 105 p sit ha application rate at both I arid 4
DA in sunflower This shilsirriaty aa: tin iulation trend, is
different titan (hr pros’o istiller, l”ro.so millet exhibited
significant shiki.mate accumulation at a rlisc..rirninanng rate
of’ 420 g ae ha’, but only at 7 and 14 DiD>, \$7liwtt behaved
simnrl to promo jI I rw <‘i in in t n I it i is also
42u g ae hi I I / B P 1 lit hi ft

,,lniflcan (P ()ij ‘ us C t it ‘ud 1

DAA
1 4 DCC i’fll 051) i tittest lb Iioszi te rates rc ru Sits.’.

.Th 1 11 1 11111) Ii
—

— I I — 1 —

-1 1 1 1

p Ii I I—’

rare san/c,. .-‘i5n cant S-s aee 11,1) IkItnury ‘ncnrIIrl-(Cfls
iti , I it i).\ 11

-,
— II I

I 1(1
t F I

tin treated control’.
wele able to use a srlccr,nnhwu’i,arn- icai , I iscssav to
s-irs Cr117 cv 111 s’n1011)are ii tsr ruvp’ieissri sqspl ic’.anon

iii whe17 two miller and sunS lower. C utItiolver appears to

be more suscepzble to plvphnsatc and also :ippcirsn
r— n 5, 1 rI i it rt nO a

elmer ro.so n-:Blcr or wheat In ‘Hrntluaa’er, we were inc in
detect the U) md 210 0 IC ha iliCs at I rind /5

lioweve r, shikimnarc levels in these plants began to Beeline and,
Os 14 DAA, were no longer detmerahie. Only the highcsr two

rates were detectable at 14 DAt> across all three species
Typically, by 14 DA.A, the plants exposed to the highest two

rates were seriously injured or stunted. If producers or crop

managers were to rise tile leaf disc assay to detect shikimate,
they would want to sample the most severely injured plants
along the edge of the potential drib event (Henry et al
2.0(15)

Sources of Materials

Green Formula Potting Soil, Larnbcr Peat Moss b.c. 106
Lambert Road, Riviere-Qulle, Quebec DOS 2.GO, Canada,

.Activaror 0 Surfactsnt, ,Loveland’ Inilusrries inc., P.O. Box
1289 oveland, CO 80632

Per odiC I A idriJi ( hen ‘cal o , ‘x 151 5 ‘ dss a A
5571 53201.

os.Periodste Aldrich Chemical Co,,P. I
.. 5, M.ilwaukre,

Wi 53201.
Pinetic microplste reader model 1,iVur \4)/Icr))Ir Devices,

1311 Orlea.ns Drive, Su nnvvalcy CA 94089.
Shikimic scid, Sigma Chemical Co. 1, ( ‘. Biss 1Oct57 st’. [cuts,

MO 43)70

$55 Softwa.re, Version 6. 1 2 S sari si .Wa wIt ‘57’ icurs I nc,
‘C 77’ IC)
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